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Abstract Over-the-Horizon (OTH) radars 
operate in the High Frequency (HF) band of the 
radar spectrum and utilize ionospheric 
reflections to detect and track targets in regions 
up to 2000 nautical miles from the radar site. 
OTH radars thus have the capability to serve as 
cost-effective sensors for detecting and tracking 
aircraft over large surveillance areas. In this 
paper we describe an algorithm for fusing data 
from multiple OTH radars. We show that 
estimation of the radar signal propagation mode 
is tightly coupled to the tracking and correlation 
functions in the fusion algorithm. Results using 
test data collected from two operational OTH 
radars show that fusion improves both track 
continuity and track accuracy. 

1. INTRODUCTION 

Over-the-Horizon (OTH) radars operate in the High 
Frequency (HF) band of the electromagnetic spectrum. At 
these frequencies, energy directed by an OTH radar toward the 
ionosphere is refracted and ultimately reflected back to the 
surface of the earth several hundred miles down range from the 
radar. This enables the OTH radar to detect and track targets in 
regions far beyond the ranges of conventional radars which 
operate in UHF and higher frequency bands and which detect 
and track targets which are within line-of-sight from the 
radar. 

Surveillance assets which are currently used for detecting 
and tracking drug carrying aircraft originating in South 
America and entering the U.S. and Canada include a chain of 
tethered aerostats, ground radars, Navy ships. and airborne 
surveillance systems. Because of the limited coverage 
provided by these surveillance assets, drug smugglers can 
plan and follow routes that do not fall within the coverage 
region of these surveillance assets and thereby avoid being 
detected. OTH radars provide three features which 
complement the capabilities of the existing surveillance 
assets for detecting and tracking drug carrying aircraft. First, 
as pointed out earlier, OTH radars have relatively large 
coverage areas. These large coverage areas provided by OTH 
radars will prevent the presence of gaps in the surveillance 
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coverage area through which drug smugglers can fly without 
being detected. ~. with a suitable choice of OTH radar 
location, they can be made to look at airspace deeper into 
South America. This is the region where the drug traffic 
originates and, because the commercial air traffic density is 
lower in these countrysides, it is easier to detect, track, and 
identify them in this region. Third, in contrast to the look-up 
capability of conventional ground radars, OTH radars provide 
a look-down capability. This feature enables the OTH radar to 
detect drug-carrying aircraft that follow flight paths through 
valleys in mountainous regions. Such flight paths would be 
camouflaged to ground radars. 

Use of OTH radar for the Counter-Drug mission also 
raises several technical issues. The orimary issue arises from 
the fact that the OTH radar relies on the ionosphere to 
propagate the radar signal to and from the target. For each 
detected target, the OTH measures the slant range, the slant 
azimuth, and the slant range-rate of the target. Target tracks 
are typically required in ground coordinates (e.g., latitude, 
longitude or x, y position in a Cartesian frame with origin at 
the radar receiver). Transformation of the slant measurements 
to ground coordinates requires knowledge of the path followed 
by the radar signal. Such a path is also referred to as the 
propagation mode and it specifies the reflecting ionospheric 
layers and the number of bounces the radar signal undergoes 
on its way to the target and back to the OTH receiver. Several 
such propagation modes are feasible, and for each mode there 
is a corresponding transformation of the slant measurements 
to ground tracks. It is difficult to predict the path followed by 
the radar signal because the ionospheric conditions depend on 
many variables (e.g., the frequency of radar operation, the 
geographical area of operation, the time of the day, the Sun 
Spot activity, etc.) and they constantly vary with time [l]. If 
the mode is not selected correctly, then the ground track will 
be inaccurate and it will be difficult to correlate the ground 
tracks of one OTH radar with another. The errors in the 
ground tracks due to incorrect mode selection will thus 
represent registration errors. 

The second issue associated with the use of OTH radars is 
that range and cross-range measurement errors for an OTH 
radar are much larger than those of microwave radars. 
Consequently, OTH radars will have difficulty resolving 
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